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Abstract 



There is provided a resonant circuit incorporating at least a coil (LI) therein and a switching circuit for 
oscillation is connected to the resonant circuit and voltage doubler rectifier circuits (31) and (32) 
constituted of capacitors (C11,C12.C21 and C22) and diodes (D11,D12,D21 and D22) are also 
connected to the resonant circuit. When the switching circuit for oscillation is turned to be on and off, the 
resonant voltage (VL1) is generated in the resonant circuit and rectified with a voltage doubler amplitude 
by the voltage doubler rectifier circuits (31) and (32). A switching circuit for output changing over is 
connected to zero voltage terminals of the diodes (D1 1 ) and (D21 ) in the voltage doubler rectifier circuits 
(31) and (32). When the switching circuit for output changing over is turn ed to be on and off. an output 

voltage is selectively generated at output terminals (OUT1) and (OUT2). I 
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Description 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a high voltage power supply circuit for changing over a positive or 
negative output alternately. 



Description of the Related Art 



A conventional high voltage power supply circuit for changing over a positive or negative output 
employs both transistors for positive and negative outputs and the positive and negative outputs are 
achieved by both transistors being selectively turned on or off. 

The conventional high voltage power supply circuit has incorporated thereinto both transformers for 
positive and negative outputs. There are disposed switching transistors at the respective primary 
windings of each transformer which are selectively turned on and off. 
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There are also disposed rectifier circuits constituted of a diode and a capacitor at the respective 
secondary windings of each transformer. Each rectifier circuit, in which the diode has a different 
connection in polarity with each other, provides a positive or a negative output through an output 
terminal in response to turning on or off of the switching transistors. 

This kind of the high voltage power supply circuit employs a load resistor in a circuit for a negative 
output to avoid the influence from the circuit for a negative output when a circuit for a positive output 
generates a positive output, and on the contrary, a load resistor in the circuit for a positive output to 
avoid the influence from the circuit for a positive output when the circuit for a negative output generates 
a negative output. Accordingly, since output current flows through the load resistor, the output voltage 
will decrease when the output current increases so that the output load characteristic (regulation) of the 
high voltage power supply circuit is aggravated. 

To solve the above problem, there are provided, in the conventional high voltage power supply circuit, 
resistors between the rectifier circuit and the output terminal which divide the output voltage and the 
divided voltage is fed back to a control circuit which turns on or off the switching transistors. 
Accordingly, the output voltage should be regulated by cortrolling pulse widths output to the transistors, 
which makes the high voltage power supply circuit complicated and large sized, thereby causing the 
hike of the cost. 

There has been also proposed a high voltage power supply circuit to avoid the aggravation of the 
output load characteristic which eliminates the load resistors for positive and negative outputs. The 
proposed high voltage power supply circuit is constructed such that the rectifier circuits for the circuits 
for positive and negative outputs are connected through switches to the output terminal to eliminate the 
mutual influence of each circuit at the time of outputting. 

According to the above technology, no output current flows through the load resistor so that the output 
load characteristic is not aggravated any more. 

However, a relay in use for changing over the positive and negative outputs is necessarily required, so 
that the high voltage power supply circuit becomes large sized and complicated, which causes the hike 
of the cost. 

Further, since each of the foregoing technologies requires a plurality of the transformers to have the 
winding direction of the windings corresponded to the output polarity and also requires ones for a high 
voltage, the high voltage power supply circuit will become complicated and large sized, thereby causing 
the hike of the cost. 

There is also disclosed, for example, in a Japanese Laid-open Patent Publication 63-64571 a high 
voltage generation device which does not utilize the transformer and does not employ the load resistor. 
However, the above device is principally a circuit for obtaining an output voltage having more than n- 
time voltages by using a voltage n-multiplier rectifier circuit so that it can not perform the operation for 
changing over from positive to negative or vice versa. Accordingly, the above technology is completely 
different from the present invention in its circuit function and principle so that it can not be utilized as a 
high voltage power supply circuit for an electro photographic printer or the like which requires a 
changing over function. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a high voltage power supply circuit, the output load 
characteristic of which is not aggravated, for enabling to be miniaturized with simplicity and for enabling 
to reduce the cost. 

To accomplish the above object, there is provided a high voltage power supply circuit comprising: (a) a 
resonant circuit employing at least a coil; (b) a switching circuit for oscillation connected to the resonant 
circuit; (c) a voltage multiplier rectifier circuit constituted of a capacitor and a diode and connected to 
the resonant circuit; and (d) a switching circuit for changing over an output connected to a zero voltage 
terminal of the diode in the voltage multiplier rectifier circuit. 

According to another aspect of the present invention, there is provided a high voltage power supply 
circuit which outputs a positive or negative voltage , the circuit comprising: (a) a resonant circuit 
employing at least a coil; (b) a switching circuit for oscillation connected to the resonant circuit; (c) a 
first voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a capacitor 
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and a diode connected in such a manner that current flows from a ground to a first output terminal; (d) 
a second voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows from a second output terminal to a 
ground; (e) a first switching circuit for changing over an output connected to a zero voltage terminal of 
the diode in the first voltage multiplier rectifier circuit; and (f) a second switching circuit for changing 
over an output connected to a zero voltage terminal of the diode in the second voltage multiplier 
rectifier circuit. 

According to the other aspect of the present invention, there is provided a high voltage power supply 
circuit which outputs a positive or negative voltage, the circuit comprising: (a) a first resonant circuit 
employing at least a coil; (b) a first switching circuit for oscillation connected to the first resonant circuit; 

(c) a first voltage multiplier rectifier circuit connected to the first resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows a ground to a first output terminal; 

(d) a first switching circuit for changing over an output connected to a zero voltage terminal of the diode 
in the first voltage multiplier rectifier circuit; (e) a second resonant circuit employing at least a coil; (f) a 
second switching circuit for oscillation connected to the second resonant circuit; (g) a second voltage 
multiplier rectifier circuit connected to the second resonant circuit and constituted of a capacitor and a 
diode connected in such a manner that current flows from a second output terminal to the ground; and 
(h) a second switching circuit for changing over an output connected to a zero voltage terminal of the 
diode in the second voltage multiplier rectifier circuit. 

According to still another aspect of the present invention, there is provided a high voltage power supply 
circuit which outputs a positive or negative voltage at an output terminal thereof, the circuit comprising: 
(a) a resonant circuit employing at least a coil; (b) a switching circuit for oscillation connected to the 
resonant circuit; (c) a first voltage mulfiplier rectifier circuit connected to the resonant circuit and 
constituted of a capacitor and a diode connected in such a manner that current flows a ground to the 
output terminal; (d) a second voltage multiplier rectifier circuit connected to the resonant circuit and 
constituted of a capacitor and a diode connected in such a manner that current flows from the output 
terminal to the ground; (e) a first switching circuit for changing over an output connected to a zero 
voltage terminal of the diode in the first voltage multiplier rectifier circuit; and (f) a second switching 
circuit for changing over an output connected to a zero voltage terminal of the diode in the second 
voltage multiplier rectifier circuit. 

According to the present invention, the high voltage power supply circuit provides the resonant circuit 
employing at least a coil therein to which the switching circuit for oscillation and the double voltage 
rectifier circuit constituted of a capacitor and a diode are respectively connected. Accordingly, a 
resonant voltage is generated in the resonant circuit by turning on or off the switching circuit for 
oscillation and rectified by the double voltage rectifier circuit. 

The switching circuit for changing over an output is connected to the zero voltage electrode of the diode 
of the double voltage rectifier circuit. An output is selectively generated at the output terminal by turning 
on or off the switching circuit for changing over. 

According to the other high voltage power supply circuit of the present invention, there are provided a 
plurality of double voltage rectifier circuits, the output terminals of which are commonly connected. In 
this case, both a positive output and a negative output can be generated at the common output 
terminal. 



BRIEF DESCRIPTION OF DRAWINGS 



By way of example and to make the description more clear, reference is made to the accompanying 
drawings in which: 

Fig. 1 is a circuit diagram illustrating a high voltage power supply circuit according to the first 
embodiment of the present invention; 

Fig. 2 is a time chart of the high voltage power supply circuit shown in Fig. 1 according to the first 
embodiment of the present invention; 

Fig. 3 is a time chart illustrating an output control operation of the high voltage power supply circuit 
shown in Fig. 1 according to the first embodiment of the present invention; 
Fig. 4 is a circuit diagram illustrating a high voltage power supply circuit according to the second 
embodiment of the present invention; 

Fig. 5 is a time chart of the high voltage power supply circuit shown in Fig. 4 according to the second 
embodiment of the present invention; 
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Fig. 6 is a circuit diagram illustrating a high voltage power supply circuit according to the third 
embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A detailed description as to embodiments according to the present invention will be made in reference 

to the attached drawings. 

Fig. 1 is a circuit diagram illustrating a high voltage power supply circuit according to the frrst 
embodiment of the present invention and Fig. 2 is a time chart for the high voltage power supply circuit 
according to the first embodiment of the present invention. 

In the drawing, a reference L1 denotes a coil, D4 a diode, and Q3 a transistor serving as a switching 
circuit for oscillation. The coil L1, the diode D4 and the transistor 03 are connected in series between 
the power source and the ground. A capacitor C4 is connected in parallel with the coll L1 to constitute a 
resonant circuit. 

A pulse width modulation signal PWM is input to the base of the transistor OS. If a potential of a base 
voltage VB1 generated by the pulse width modulation signal PWM varies as shown in Fig. 2, the 
transistor Q3 repeatedly turns on and off. 

In other words, when the transistor Q3 turns on, a collector current ic gradually Increases, while 
charging the capacitor 04, satisfying the following formula: 
iC = (Vcc/L).t 

wherein Vcc denotes a voltage of the voltage source Vcc; L an inductance of the coil L1; and t a time. 
In this case, just after the transistor Q3 turns on. the collector current ic has been influenced by the 
resonant current, as shown in Fig. 2, caused by the resonant voltage VL1 which Is appeared during an 
off period of the transistor Q3. 

Consequently, when the transistor 03 turns off, the resonant voltage VL1 is generated in the resonant 
circuit by an energy stored in the coil L1. On this instance, the resonant voltage VL1 swings in both 
positive and negative directions. Accordingly, the diode D4 Is disposed in order not to apply a negative 
voltage to the transistor 03. 

A voltage doubler rectifier circuit 31 for a positive output and a voltage doubler rectifier circuit 32 for a 
negative output are mutually connected in parallel with each other between the coil L1 and the diode 
D4. 

The voltage doubler rectifier circuit 31 is constituted of a capacitor 01 1 connected to an input junction 
line a, a diode D1 1 connected to a zero voltage terminal (ground side) of the capacitor 01 1 , a triac Q1 1 
connected to a zero voltage terminal of the diode D1 1 and which serves as the first switching circuit for 
output changing over, a diode D12 connected between the capacitor 011 and the diode D11, and a 
capacitor 012 connected to a zero voltage terminal of the diode D12. The output terminal OUT1 is 
connected between the diode D12 and the capacitor 012, The diodes D1 1 and D12 are connected in 
such a manner that current flows from the ground to the output terminal OUT1 . 

On the other hand, the voltage doubler rectifier circuit 32 is constituted of a capacitor 021 connected to 
the input junction line a, a diode D21 connected to the zero voltage terminal of the capacitor 021 , a 
thyristor Q2 connected to the zero voltage terminal of the diode D21 and which serves as the second 
switching circuit for output changing over, a diode D22 wired between the capacitor 021 and the diode 
D21 , and a capacitor 022 connected to the zero voltage electrode of the diode D22. An output terminal 
OUT2 is wired between the diode D22 and the capacitor 022. The diodes D21 and D22 are connected 
In such a manner that current flows from the output terminal OUT2 to the ground. 

Other voltage doubler rectifier circuit (not shown) having different output levels can further be 
connected in parallel with the voltage doubler rectifier circuits 31 and 32. And instead of each of the 
voltage doubler rectifier circuits 31 and 32, a voltage multiplier rectifier circuit can be easily formed by 
connecting plural sets of a diode and a capacitor in series. Moreover, a switching element such as a 
transistor, an FET or the like can be utilized as the first or the second switching circuit for output 
changing over. 

The resonant voltage VL1 generated in the resonant circuit constituted of the coil L1 and the capacitor 
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C4 is input through the junction line a to the voltage doubter rectifier circuit 31 and 32. and rectified with 
a voltage doubler amplitude in the voltage doubler rectifier circuits 31 and 32 so that a positive output 
voltage is generated at the output terminal 0UT1 in case of the voltage doubler rectifier circuit 31 and a 
negative output voltage is generated at the output terminal OUT2 in case of the voltage doubler rectifier 
circuit 32. 

Although the coll LI and the capacitor C4 constitute the resonant circuit, the capacitor C4 may be 
omitted because the coil LI has a distributed capacitance and the coil L1 is connected to the capacitors 
C11 and C21. 

Assuming that the sum of capacitance of the capacitors C4, C1 1 and C21 be C and a collector current 
iC be iCO when the transistor Q3 is in an off state, a peak voltage VLIpeak of the resonant voltage VL1 
can satisfy the following formula 1. 
"(1)" VLIpeak = L DIVIDED C . iCO. 



A peak value iCOpeak of the collector current iC can be achieved with the following formula, wherein an 
expensive air-cored coil having 2 [mH] in inductance L is employed as the coil LI, the voltage Vcc of 
the power supply source Vcc is 5 [V] and the pulse width modulation signal PWM is a rectangular wave 
having 5 [kHz] in frequency and 1/2 in duty ratio. If the sum C of the capacitance be 800 [pF], the peak 
voltage VLIpeak of the resonant voltage VL1 satisfies the following formula 2. 
"(2)" VLIpeak = 2 x 10 DIVIDED 800 x 10 x 0.25 = 395.3 



The peak voltage VLIpeak is further doubled by the voltage doubler rectifier circuits 31 and 32. 

As described above, an output voltage having approximately 800 [V] in amplitude can be generated 
without employing a large sized and expensive transformer. 

Under being above, the voltage doubler rectifier circuit 31 can be operated by inputting the control 
signal CT1 into the triac Q1 1 whereas the voltage doubler rectifier circuit 32 can be operated by 
inputting the control signal CT2 into the thyrlstor Q21 . 

In other words, if the control signals CT1 and CT2 are not input, the triac Q1 1 and the thyristor Q21 turn 
off so that the voltage applied to either one of the terminals of the diodes 01 1 and D21 cannot be 
determined to be 0 [V], thereby an anode terminal of the diode D1 1 and a cathode terminal of the diode 
D21 being open-ended. Accordingly, potential voltages at the terminals connected to the diodes D1 1 
and D21 of the capacitors C11 and C21 cannot be determined so that no output voltage is generated at 
the output terminals 0UT1 and OUT2. 

Fig. 3 shows an output control operation of the high voltage power supply circuit shown In Fig. 1. If both 
signals CT1 and CT2 are not input, neither output voltage 0UT1 nor OUT2 is generated. 

When the signal CT1 is input, the transistor Q1 1 turns on, the anode terminal of the diode D11 is 
grounded, the voltage doubler rectifier circuit 31 is operated and the positive output voltage is output at 
the output terminal OUT1 . Similarly, when the signal CT2 is input, the voltage doubler rectifier circuit 32 
is operated so that the negative output voltage is output at the output terminal OUT2. 

As described above, presence or absence of the output generated at the output terminals OUT1 and 
OUT2 is controlled by turning on or off the triac Q1 1 and the thyristor Q21 . 

By the way, a device in which a high voltage power supply circuit in this kind is incorporated, such as 
an electro photographic printer, is usually controlled by a microcomputer so that a control voltage 
having +5 [V] has been generated. Accordingly, if the microcomputer generates the control signals CT1 
and CT2, no signal transmission means, such as a photo coupler, an insulating transformer or the like, 
are required any more so that the high voltage power supply circuit can be simplified. 

Since the present embodiment is constructed such that a positive output voltage is generated at the 
output terminal 0UT1 of the voltage doubler rectifier circuit 31 and a negative output voltage is 
generated at the output terminal OUT2 of the voltage doubler rectifier circuit 32, the switching circuit for 
the voltage doubler rectifier circuit 31 receives the negative output voltage whereas the switching 
means for the voltage doubler rectifier circuit 32 receives the positive output voltage if the both 
switching means are provided in each of the voltage doubler rectifier circuits 31 and 32. 

Accordingly, as described above, the triac Q1 1 is utilized as the first switching circuit for output 



file://C:¥Documents%20and%20Settings¥Administrator¥My%20Documents¥^fR^... 2003/07/22 



6/10 



changing over and the thyristor Q21 is utilized as the second switching circuit, so that the triac Q11 is 
controlled to be turned on or off by the control signal CT1 with a positive polarity and the thyristor Q21 
is controlled to be turned on or off by the control signal CT2 with a positive polarity. Further, a high 
voltage tolerance of the voltage doubler rectifier circuits 31 and 32 can be also innproved by employing 
the triac Q11 and the thyristor Q21. 

As the thyristor Q21. as the second switching circuit, having a sufficiently high access speed for 
switching is employed, a reverse current in a switching operation can be well prevented. Accordingly, a 
resonant frequency of the resonant circuit may allow the diode D21 to be omitted so that further 
simplification of the high voltage power supply circuit can be realized. 

Next, the second embodiment according to the present invention will be described. 

Fig. 4 is a circuit diagram illustrating the high voltage power supply circuit according to the second 
embodiment of the present invention and Fig. 5 is a time chart of the high voltage power supply circuit 
according to the second embodiment of the present invention. 

In Fig. 4, L2 and L3 denote coils. D5 and D6 diodes. Q4 a transistor for the first switching circuit for 
oscillation, and Q5 a transistor for the second switching means for oscillation. The coil L2. the diode D5 
and the transistor Q4, and the coil L3, the diode D6 and the transistor Q5 are connected respectively in 
series between the power source Vcc and the ground. Capacitors C5 and C6 are respectively 
connected with the coils L2 and L3 in parallel to constitute resonant circuits. Further, a Zener diode 
DZ1 is connected between a collector and an emitter of the transistor Q4 and a Zener diode DZ2 is 
connected between a collector and an emitter of the transistor Q5. 

When the pulse width modulation signal PWMI is input to the transistor Q4 and a potential voltage of 
the base voltage VB2 generated by the pulse width modulation signal PWM1 varies, the transistor Q4 
is repeatedly turned on and off. On the other hand, when the pulse width modulation signal PWM2 is 
input to the transistor Q5 and a potential voltage of the base voltage VB3 generated by the pulse width 
modulation signal PWM2 varies, the transistor Q5 is repeatedly turned on and off. 

A voltage doubler rectifier circuit 35 for a positive output is connected in parallel between the coil L2 
and the diode D5, and a voltage doubler rectifier circuit 36 for a negative output is connected in parallel 
between the coil L3 and the diode D6. In this case, both output terminals of the voltage doubler rectifier 
circuits 35 and 36 may be wired-OR connected so that the output is generated at the common output 
terminal OUT. 

The voltage doubler rectifier circuit 35 is constituted of a capacitor C11 connected to an input junction 
line b, a diode D1 1 connected to a zero voltage terminal of the capacitor 01 1 , a triac Q1 1 connected to 
a zero voltage terminal of the diode D1 1 and which serves as the first switching circuit for output 
changing over, a diode D12 connected between the capacitor 01 1 and the diode D1 1 , and a capacitor 
012. connected to a zero voltage terminal of the diode D12, for a positive output and a negative output. 
The common output terminal OUT for both positive and negative outputs is connected between the 
diode D12 and the capacitor 012. The diodes D11 and D12 are connected in such a manner that 
current flows from the ground to the output terminal OUT. 

On the other hand, the voltage doubler rectifier circuit 36 is constituted of a capacitor 021 connected to 
the input junction line c, a diode D21 connected to the zero voltage terminal of the capacitor 021 . a 
thyristor Q2 connected to the zero voltage terminal of the diode D21 and which serves as the second 
switching circuit for output changing over, a diode D22 wired between the capacitor 021 and the diode 
D21, and a capacitor 012 connected to the zero voltage electrode of the diode D22. An output terminal 
Ouf2 is wired between the diode D22 and the capacitor 012. The diodes D21 and D22 are connected 
in such a manner that current flows from the common output terminal OUT to the ground. 

Other voltage doubler rectifier circuit (not shown) having different output levels can further be 
connected in parallel with the voltage doubler rectifier circuits 35 and 36. And instead of each of the 
voltage doubler rectifier circuits 35 and 36, a voltage multiplier rectifier circuit can be easily formed by 
connecting plural sets of a diode and a capacitor in series. Moreover, a switching element such as a 
transistor, an FET or the like can be utilized as the first or the second switching circuit for output 
changing over. 

The voltage doubler rectifier circuit 35 can be operated by inputting the control signal 0T1 into the triac 
01 1 and the voltage doubler rectifier circuit 36 can be operated by inputting the control signal 0T2 into 
the thyristor Q21. 
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In this case, the Zener diodes DZ1 and DZ2 are respectively connected between collectors and 
emitters of the transistors Q4 and Q5 so that the output voltage is stabilized. For example, the resonant 
voltage VL2 generated by the resonant circuit for a positive output is clamped in its peak voltage by the 
Zener diode DZ1 so that the Zener voltage VDZ1 becomes the peak value as shown in Fig. 5. 

As described above, the capacitors C1 1 and C21 are charged, in the voltage doubler rectifier circuits 
35 and 36, up until the time when the resonant voltages VL1 and VL2 reach the peak voltages so that 
the output is stabilized due to clamping of the peak voltage. If timings and pulse widths of the pulse 
width modulation signals PWM1 and P\NM2 are determined in such a manner that an energy 
corresponding to the maximum value of the output power appeared at the output terminal OUT can be 
stored in the coils L2 and L3, waveforms of the pulse width modulation signals PWM1 and PWM2 can 
be fixed, which eliminates a complicated control circuit or a detecting circuit for an output 

The output voltage generated at the output temriinal OUT is approximately twice as the Zener voltage 
VDZ1 , The output voltage can be optionally set by setting the Zener voltages VDZ1 and VDZ2 of the 
Zener diodes DZ1 and DZ2. 

Further, the voltage doubler rectifier circuits 35 and 36 employs the common capacitor 012 for positive 
and negative outputs and the output terminal OUT so that the output with an optional polarity can be 
generated at the output terminal OUT. In other words, when the triac Q1 1 is turned to be on and the 
thyristor Q21 off, a positive output voltage can be generated at the output terminal OUT whereas when 
the triac Q11 is turned to be off and the thyristor Q21 on, a negative output voltage can be generated at 
the output terminal OUT. Moreover, since there are provided the diodes D11, D12, D21 and D22, no 
short circuit occurs in the voltage doubler rectifier circuits 35 and 36 with an opposite polarity. Further, 
since a direct current flow is stopped by the capacitors 01 1 and 021, no short circuit occurs through 
the capacitors 01 1 and 021 . 

Next, a description is made as to the third embodiment of the present invention. 

Fig. 6 is a circuit diagram illustrating a high voltage power supply circuit according to the third 
embodiment of the present invention. 

In the drawing, L4 denotes a coil and 06 denotes a transistor for a switching circuit for oscillation. The 
coil L4 and the transistor Q6 are connected in series between the power source Vcc and the ground. A 
capacitor 07 is connected in parallel with the coil L4 to constitute a resonant circuit. A Zener diode DZ3 
is connected between a collector and an emitter of the transistor Q6. 

The transistor Q6 receives the pulse width modulation signal PV\M. When a potential voltage of the 
base voltage VB4 generated by the pulse width modulation signal PWM varies, the transistor Q6 is 
repeatedly turned on and off. 

Double voltage rectifier circuits 35 and 36 are connected in parallel between the coil L4 and the 
transistor Q6. In this case, output terminals of the voltage doubler rectifier circuits 35 and 36 are wired- 
OR connected so as to generate an output voltage at the common output terminal OUT. 

The voltage doubler rectifier circuit 35 is constituted of a capacitor 011 connected to an input junction 
line a, a diode D11 connected to a zero voltage terminal of the capacitor 011, a triac Oil, connected to 
a zero voltage terminal of the diode D1 1 , which serves as the first switching circuit for output changing 
over, a diode D12 connected between the capacitor 011 and the diode D11 and a common capacitor 
012, connected to a zero voltage terminal of the diode D12, for positive and negative outputs. The 
common output terminal OUT for both positive and negative outputs is connected between the diode 
D12 and the capacitor 012. The diodes D1 1 and D12 are connected in such a manner that cun^ent 
flows from the ground to the output terminal OUT. 

On the other hand, the voltage doubler rectifier circuit 36 is constituted of a capacitor 021 connected to 
an input junction line a, a diode D21 connected to a zero voltage terminal of the capacitor 021. a 
thyristor Q21 , connected to a zero voltage terminal of the diode D21 , which serves as the second 
switching circuit for output changing over, a diode D22 connected between the capacitor 021 and the 
diode D21 and a common capacitor 012, connected to a zero voltage terminal of the diode D22, for 
positive and negative outputs. The common output terminal OUT for both positive and negative outputs 
is connected between the diode D22 and the capacitor 012. The diodes D21 and D22 are connected in 
such a manner that current flows from the output terminal OUT to the ground. 

VL1 denotes a resonant voltage, and CT1 and CT2 control signals. 



file://O:¥Documents%20and%20Settings¥Administrator¥My%20Documents¥^fg^... 2003/07/22 



8/10^— i? 



In this case, the output voltage generated at the output terminal OUT by the voltage doubler rectifier 
circuit 35 is equal to that generated by the voltage doubler rectifier circuit 36 and only polarities can be 
changed. In other words, when the triac Q11 is turned to be on and the thyristor Q21 off, a positive 
output voltage can be generated at the output terminal OUT and when the triac Q1 1 is turned to be off 
and the thyristor Q21 on, a negative output voltage can be generated at the output terminal OUT. 

It will be noted that the present invention is not restricted or limited to the aforementioned 
embodiments, various changes and modifications can be done in accordance with a gist of the present 
invention, and those are not precluded from the claimed scope of the present invention. For example, a 
high voltage power supply circuit in which only one voltage doubler rectifier circuit is provided is also 
included in the claimed scope of the present invention. 

The present invention is also applicable to a device which requires a power supply circuit enabling to 
change over the output from positive to negative or vice versa, particularly, to an electro photographic 
printer, a copier, a plane paper facsimile or the like. 

As described above, there are provided in a high voltage power supply circuit according to the present 
invention a resonant circuit having at least a coil, a switching circuit for oscillation connected to the 
resonant circuit and a voltage doubler rectifier circuit constituted of a capacitor and a diode which is 
also connected to the resonant circuit. Accordingly, when the switching circuit for oscillation is turned to 
be on and off, a resonant voltage is generated in the resonant circuit and rectified with a voltage 
doubler value by the voltage doubler rectifier circuit. 

A switching circuit for output changing over is connected to a zero voltage terminal of a diode in the 
voltage doubler rectifier circuit. When the switching circuit for output changing over is controlled to be 
turned on and off. an output voltage is selectively generated at the output terminal. Accordingly, the 
voltage doubler rectifier circuits for both positive and negative outputs can be wired without through a 
resistor so that output load characteristics of the high voltage power supply circuit cannot be 
aggravated. 

Moreover, even though the output current increases, the output voltage does not fall down so that the 
pulse width of the switching means for oscillation is not necessarily altered. There is also no need to 
dispose a relay or the like so that miniaturization and reduction of a cost can be easily accomplished by 
simplifying the high voltage power supply circuit. 

It is understood that although the present invention has been described in detail with respect to 
preferred embodiments thereof, various other embodiments and variations are possible to those skilled 
in the art which fall within the scope and spirit of the invention, and such other embodiments and 
variations are intended to be covered by the following claims. 
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Claims 



1. A high voltage power supply circuit comprising: 

(a) a resonant circuit employing at least a coil; 

(b) a switching circuit for oscillation connected to the resonant circuit; 

(c) a voltage multiplier rectifier circuit constituted of a capacitor and a diode and connected to the 
resonant circuit; and ^. ^ . 

(d) a switching circuit for changing over an output connected to a zero voltage temninal of the diode in 
the voltage multiplier rectifier circuit. 



2. A high voltage power supply circuit as set forth in claim 1. wherein the voltage multiplier rectifier 
circuit is provided plurally and the switching circuit for changing over an output is also provided plurally. 

3. A high voltage power supply circuit which outputs a positive or negative voltage . the circuit 
comprising: 
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(a) a resonant circuit employing at least a coll; 

(b) a switching circuit for oscillation connected to the resonant circuit; 

(c) a first voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows from a ground to a first output 
terminal; 

(d) a second voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows from a second output terminal to a 

ground; 

(e) a first switching circuit for changing over an output connected to a zero voltage terminal of the diode 
in the first voltage multiplier rectifier circuit; and 

(f) a second switching circuit for changing over an output connected to a zero voltage terminal of the 
diode in the second voltage multiplier rectifier circuit. 



4. A high voltage power supply circuit as set forth in claim 3, wherein the first switching circuit is a triac. 

5. A high voltage power supply circuit as set forth in claim 3, wherein the second switching circuit is a 
thyristor. 

6. A high voltage power supply circuit as set forth in claim 3, wherein the first and second switching 
circuits are either constituted of a transistor or an FET. 

7. A high voltage power supply circuit as set forth in claim 3, wherein the first output terminal and the 
second output terminal are common. 

8. A high voltage power supply circuit as set forth in claim 3. wherein the circuit is applied to a power 
supply circuit for an electro photographic printer. 

9. A high voltage power supply circuit as set forth in claim 3, wherein the circuit is applied to a power 
supply circuit for a copier. 

10. A high voltage power supply circuit as set forth in claim 3, wherein the circuit is applied to a power 
supply circuit for a plane paper facsimile. 

1 1. A high voltage power supply circuit which outputs a positive or negative voltage, the circuit 
comprising: 

(a) a first resonant circuit employing at least a coil; 

(b) a first switching circuit for oscillation connected to the first resonant circuit; 

(c) a first voltage multiplier rectifier circuit connected to the first resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows a ground to a first output terminal; 

(d) a first switching circuit for changing over an output connected to a zero voltage terminal of the diode 
in the first voltage multiplier rectifier circuit; 

(e) a second resonant circuit employing at least a coil; 

(f) a second switching circuit for oscillation connected to the second resonant circuit; 

(g) a second voltage multiplier rectifier circuit connected to the second resonant circuit and constituted 
of a capacitor and a diode connected in such a manner that current flows from a second output terminal 
to the ground; and 

(h) a second switching circuit for changing over an output connected to a zero voltage terminal of the 
diode in the second voltage multiplier rectifier circuit. 



12. A high voltage power supply circuit as set forth in claim 11, wherein the first output terminal and the 
second output terminal are common. 

13. A high voltage power supply circuit as set forth in claim 1 1 . wherein the first and second switching 
circuits for oscillation are connected in parallel with a Zener diode which sets an output voltage. 

14. A high voltage power supply circuit as set forth in claim 1 1 , wherein the circuit is applied to a power 
supply circuit for an electro photographic printer. 

15. A high voltage power supply circuit as set forth in claim 1 1 , wherein the circuit is applied to a power 
supply circuit for a copier. 
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16. A high voltage power supply circuit as set forth in claim 1 1 , wherein the circuit is applied to a power 
supply circuit for a plane paper facsimile. 

17. A high voltage power supply circuit which outputs a positive or negative voltage at an output 
terminal thereof, the circuit comprising: 

(a) a resonant circuit employing at least a coil; 

(b) a switching circuit for oscillation connected to the resonant circuit; 

(c) a first voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows a ground to the output terminal; 

(d) a second voltage multiplier rectifier circuit connected to the resonant circuit and constituted of a 
capacitor and a diode connected in such a manner that current flows from the output terminal to the 
ground; 

(e) a first switching circuit for changing over an output connected to a zero voltage terminal of the diode 
in the first voltage multiplier rectifier circuit; and 

(f) a second switching circuit for changing over an output connected to a zero voltage terminal of the 
diode in the second voltage multiplier rectifier circuit. 



18. A high voltage power supply circuit as set forth in claim 17, wherein the switching circuit for 
oscillation is connected in parallel with a Zener diode which sets an output voltage. 

19. A high voltage power supply circuit as set forth in claim 17, wherein the first switching circuit for 
changing over an output is a triac and the second switching circuit for changing over an output is a 
thyristor. 

20. A high voltage power supply circuit as set forth in claim 17, wherein the circuit is applied to a power 
supply circuit for an electro photographic printer. 

21. A high voltage power supply circuit as set forth in claim 17, wherein the circuit is applied to a power 
supply circuit for a copier. 

22. A high voltage power supply circuit as set forth in claim 17, wherein the circuit is applied to a power 
supply circuit for a plane paper facsimile. 

23. A high power supply circuit comprising: 

a resonant oscillating circuit (C1,C4,D4,Q3) for producing an oscillating electrical output; 
and a voltage multiplier (C1 1 ,D1 1) for multiplying the voltage of said output from the resonant circuit, 
the voltage multiplier including capacitor means (C1 1 ) and diode means (D11) coupling the capacitor 
means to a reference potential, said capacitor means also being coupled to an output (OUT 1) for the 
multiplied voltage, characterised by semiconductor switching means (Q11) for selectivity switching 
conduction through the diode means (D1 1) whereby to switch the multiplied voltage produced at said 
output (OUT 1 ) therefor. 
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i5^Q4d^ ^fc. n-<;l'L3. ^-r:t--FD 6Rr/h^ 
>i?X^Q5}^t^SVc c a:5^^»i^>Fc?[)ffilfcS^fC» 
j^^n^, "tLX. gfrlBn'r;PL2iiM^JJr3>5^>if 
C5?^^ a ^;UL 3 i:M^Jlcri>x>itC 6 T^^SIgsn 

4 03 1/^^ • X^^y^J^rair^yxTh-^^-f FDZ 1 
[0 0 4 3] ^Tz. tiimh'y>>^X^Q4\Z\^/WXm 

^iWfi-^pwMi;^«A*^n. K/^;^xii@a^pim-^pw 

M 1 iZ^-DX^^^it^tl^^-Tsm&VtiOy^iSLffim: 
MIBF^>>^X3^Q5tc:«/i;l/Xi|B^Pim-^ 
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(6) 
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[0 0 4 4] ^fc> iifi2r3-r;^L2 0 

[0 0 4 5] tlflB«mJEfiSS[HlK3 5Ji. A:^fi5CD^lK 
CI lC0^mfifi!llC«)^^nfci5^'1':^— HDl 1> K:5^ 

HD 1 1 o^«fi^tc«iK$tifcm 1 (Dmtimm 

3 >^>1tC 1 1 a:i5^^:t- HD 1 1 (Dmz^m^nt:i 

1 2cDKrcjECDai:^ffl&t^*^^tti:^^<^^jlotti:^3«i^ a? 

[0 0 4 6] WE««JESSKIiIK3 A:fJ«!l 

(3[)4J'ie^^>ctCj*j^^nfcn>T'>1?-C2 1. 
5=>1^-C2 l<C)*mffiiBil{C«3i^$nfci5^-r:t~FD2 

1> tftffia>5^>iJ-C2 1 t:$^'f:t-FD2 lOratC^ 
«l$nrcy'1':r-FD2 2. RT/Ki$^-r:t'-KD2 2 0[) 59 

o:>3>5^>1^C 1 2;&^^>^KD> ^^^-f H D 2 2 <h n > 

m*«8^0UTd^i(eil^n^o MI2^<:t-KD2 1, 
D2 2li^^'^>H^75^^ai:^«g^OUTfl!ltcmai;&t«[ 

[0 0 4 7] Ut^. m*OS?^^S^l-^^^te<^ffirmJE 
3EtcMffBf§mJE^^IlK3 5, 3 6 LWM 

[0 0 4 8] -ebT. miRh'y^Ty^Ql WzUf^m 
^CT 1 $A:t>-r^c:a:{CJ:-pTf&eJE!S«tlElK3 5 
It-f 'jX:$^Q2 ltC«IIIM-^CT2S:A;^'r^Cli: 
(C<J:-^T««ffiS«El5lB3 6Sf^»$-&Sri:*«T€r 



!|f||j^7-107 73 7 

10 

. X^-/5'KIC!ya::^-:$^'1':t-FDZ 1. DZ27!rt« 

vuit, m7\z^^j;:o\zyjL'r-y-(:t-\^vzi\z 

[0 049] ;i(D^o\Z. WI2fSmjESMlHlK3 5, 3 

^Tn>^>i?-c 1 1. C2 i7&^5cm$n'5;tJ6. tr— 

^>S-r^x;^;U^5^?^n-r;PL2, L3JC^;^en^cJ;5 
tC/^Jb;5^iig^ia«^PWM 1, PWM2(D3''f 5>^& 

PWM2CDS?i^£H«-r^ilt30^T#. «[J«:^^«I5IK 

[0 0 5 0] ?^4d. tt:^«iTOUTtC^^$iie>n^ffi 

i^ie^ya::^~3^-r:t— FDZ 1, DZ 2(D>>aL:^— mff 

vd2i , Vin2 ^m^'i'^^t^z^'DX. mti^e:iSi\z 

5 , 3 6 f)^jE(omtimtM<omtjm(r>^m(o:n >^>^ 
CI 2Rz^mtjis^'j'OVT^mvx\^>^<Dx. mtts»'¥' 

OVT\ze:lS:<Dm^(OUiJ^^^^'^^^tffiX^^. 

Q2 lS:^:7lC'r'5Ci:i-<fc-QT> mtl1»^OUT\ZiE 
<Dm:^^^±^'^^^ti)^X^. h^-<T^;/^57Q 1 1 * 
:t:7(cb. -y-^r UXi$^Q2 1 Sr:t>«C'r^Jl<t{-ci:o 
Xs mi]^'!^OVT\zM(Dmtit:^±^'^^^tf)^X^ 

[0 0 5 1] Zi<D^. HD 1 1, D 1 

2, D2 1. D2 2i)mm'^nx^^^<Dx. RM<omiSL 

tli;^<. ^fc. n>T'>itCll, C2l*«E^$n 

x\f^xmmMWLt(im±'^n^<ox. n>5^>itcii, 

C2 i$:fM.TSI&*<«^t-sc:t'b;&:Vi, ^*clc. 2|c5g 

[0 0 5 2] 08 li:*:»l|«<Dm 3 (DmmmiZ:^^^ ^MEE 

QSU^mmTs^ y^>^^m^lyX(Dh^>Z^7.^X 
$>^. MfB=i<;^L4&t^h^>xAi$^Q6 7&««SVc 

:si^y^m\zyx.i—:^^^-]^DZ3i}mm^n^. 
[0 0 5 3] -eixT. t9iah5'>>^x^Q6{c«/^;i/x 

rS^> i3SSh^>i^>^^Q6Ji:t> • ^r^SilDal 
T. *>S:, S(rE3-f;i<L4<i:h^>>?A:$^Q6<0MJCiE 



—218— 



11 

mJESfiSIalK 3 5, 3 6 (DtiiijM^I^BVX'P'i H 

[0 0 5 4] m^^BMB^mm^s 5\t. xt}m<D^m 

9^>a\ztim^nrc:n>y'>'^Cll. Kn>x>1^ 

CI i(o^m&m\zmm^rirz,y^yt-\'Di i. 
FD 1 1 (Dmrnvcmizmt^-^nrcm i coai:^^# 

:2>5'>D-c 1 1 i:i$^-f :t-HD 1 1 omizmm-^nTz. 

>-^^C 1 2d^€»J^0. rJ^-f ;f-HDl 2 t=I>x>'1^C 

1 2<Dm\zjE<omi3mRxs^(^th:^m(D^m(^ai3»^ 

OUTj^5tei^$n^- #JKi5^^:*---HDl 1, D12« 

^v^> Y^ws^ ^ mti^'^o u rm^zm^fimti^ «fc -5 

[0 0 5 5] HufBf&mEElEdSlpI^S A:^M 

(D^i'R^^>'atcS3R^nfcn>'5^>i^-C2 K KZI> a? 
X>1}-C 2 1 (D*««lr«!lJr»jK$n}/!t:$^^:i— HD 2 

1, K:$^^:t-HD2 l(7>^^ti:fiIlC^j|«^nfc:|g2(^ 

1 . >5^>1J-C 2 1 1 y>r FD 2 1 <^)W»C« 

«6^nfci5^^:t-FD2 2, RlXR^^ :t- HD 2 2 CD 

03>7^>1tC 1 25&^f»^D. iJ^-r:^— HD2 2.i:n> 

7'>'y-c 1 2co^iciEOt±i:t»ffifi:r/^com:fjffl<^*3lco 
m:^«TouT3&titeJSi^n^. «rfBy-r:r-FD2 1, 

D2 2}^ai:^«^OUTffi!ld^^y^'>>'F«t-«aE?^^«E 30 

[0 0 5 61 VLi«^Sm£E, CTl. CT2ld: 

T«mjEEIIt^©iS3 5tC<i:t?T^^$'t^en^di:^^« 
«JES$lf[E3K3 6 fCcJ:oT^^$i±^n^ai:^tt^b 

-Tfe*?-^. v^^rv^Qii^^y\zv. ^^^) 

7.^Q2l^:^y\Z^^^ti\Z^^X. m:^«^OUT 
\^^y\Z\^. ^^^)7s^Q2 \^:^>\Z^^:it\Z^ 40 

-oX. m-h»=f'OUT\z^<o^'h^^^^'^^^tt(^^ 

[0 0 5 7] ts^^. *«WtttJfBIIJg0UlC^5£$n'5t> 

(0T«?^<, if^m(rym'^\z^^^^xm^^m'^'^^z, 

[0 0 5 8] 



«fll¥7- 1 0 7 7 3 7 
[0 0 5 9] -^LT. R<&«JEESSS0KO^-f:^-F© 

ic<koT. mt!»^\zmi3im^mz^±'^^^n^o 

ti^^x^^<Dx. j&&mmmK<Dmttn^^^^<^ 

[0 0 6 0] ^f^. mtinLmii^mmvrciii^izatimB 
z. tf}^y3i^^<ox. mmm:^^ v^>!f^WL(o 

[S®a)fSB*7^ltt^] 

mu :^^m<O^10:>^^m\Z^n^1ABMMM'^^ 

[13 2] S£*(DlSJE«ailaI»<D«l<D«^^-riHlK0Tr 

[0 3 ] «*O»H«ffi0K<D« 2 CDW^^rielKig-C 

[04] aE^<7>ii5JEmMlHl»CD^3CD^J^^T[ilKEn? 

[0 5] *^9^CD|| 1 cD*««!ItC:fett*ieH«agiHlKO 

[0 6] 2|c5g^0^2<D||»««IlC:feVt«>SH«agliI»* 

[0 7] *5g0J<7)|| 2 CD^lS^JwCfetj-^iiSJBEmailHlKO 
iJ^-l'A^V— FT**, 

[0 8] :^%m(r>m^(r>^V^m\z^\-i^'&mMMM&^ 

31, 32, 35, 36 fSHEEfiSSInlK 

L1-'L4 3-r;p 

Q3-'Q6 h^>i^;^^ 

04 — 06, Dll. D12. D21, D22 

-F 

Cll, C12, C21, C22 3>7^>1t 
Qll h'y^Ty^ 
Q2 1 lJ--fUXi$' 

OUT, OUTl, OUT 2 ^tiM'f' 
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(8) «fS8JF7-l 07737 



111 
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